Two mesocosm experiments were carried out to investigate the dynamic effects of nutrients (nitrogen and phosphorus) and planktivorous fish additions on phytoplankton strategies and diversity. The phylogenetic and functional approaches were used to understand phytoplankton ecology in shallow Mediterranean lakes. The experimental approach is new for the study of algal functional groups. Nutrient loading and fish stocks enhanced biomass of small algae but decreased phytoplankton diversity and species richness. Faster species replacement and fluctuations in diversity occurred above loadings of 1 M P and 21 M N. Mesotrophic conditions favoured a diverse pool of species, including nostocales and unicellular flagellate algae (functional groups S n , S 1 , L 0 , Y, Reynolds et al., 2002) . C-strategist chlorophytes (small algae from functional group X 1 ) dominated midsuccessional assemblages with good light and accessible nutrients. High nutrient concentrations, dim light, presence of organic matter and of larger zooplankton favoured to functional groups S 1 of oligophotic filamentous cyanobacteria and J of mixotrophic Scenedemus species. Intermediate nutrient levels with total phosphorus (TP) 10 M, water quiescence, transparency and smaller zooplankton prompted dominance of chroococcal cyanobacteria (functional groups X 1 and K). Resulting patterns agree and reinforce the validity of plankton functional groups associated with warm, shallow enriched systems, although some changes in the groups are suggested in relation to the structuring role of nutrients and grazing on the functional scheme for phytoplankton.
I N T R O D U C T I O N
The bistability model of alternative states for shallow lakes postulates that phytoplankton biomass will increase with nutrient concentrations and be regulated by grazing pressure, allelopathy and species competition between primary producers (Scheffer et al., 1993) . Although there is evidence that climate and hydrological regimes are likely to affect shallow lake communities differently in warmer regions (Jeppesen et al., 2003) , studies on shallow lake food webs and ecology are mostly focused on temperate lakes (Scheffer, 1998; Jeppesen et al., 2003) . Comparable information on tropical and subtropical shallow lakes (John, 1986; Lazzaro, 1997; Talling and Lemoalle, 1998; Bachmann et al., 1999; Osborne, 2005) and from semi-arid and Mediterrranean areas remains, however, restricted (Galanti et al., 1990; Beklioglu et al., 2003; Romo et al., 2005) .
To deal with the great phytoplankton species richness of inland waters, the phylogenetic approach has predominated. Alternatively, there has been developed a system of phytoplankton organization through functional groups of species that potentially may dominate or codominate in lakes (Reynolds, 1997; Reynolds et al., 2002) . These groups are polyphyletic and based on physiological, morphological and ecological algal attributes, which are related to multidimensional environments (Reynolds et al., 2002) . The scheme separates thirty-one species groups, which comprise microalgae consistently sharing adaptive features under similar ecological conditions in temperate lakes. It assumes that the environment may allow many species to grow and increase, but some constraining factors are likely to filter out the more tolerant or better adapted species, which can therefore be grouped according robust ecological affinities. Multiple variables, however, will be required to explain or predict the variation in the composition of the phytoplankton in a complex environment (Reynolds et al., 2000; Huisman and Weissing, 2001 ). The scheme also takes into account the main algal strategies, C-invasive, S-acquisitive and R-attuning, proposed by Reynolds (Reynolds, 1997) . The algal functional groups has been tested in a number of lakes (Huszar and Caraco, 1998; Padisák and Reynolds, 1998; Huszar et al., 2000; Kruk et al., 2002) , and there is evidence that the model, which was originally designed for temperate northern lakes, may also work for tropical and subtropical lakes, although more studies are needed for its validation (Reynolds et al., 2002) . Kruk et al. (Kruk et al., 2002) showed that phytoplankton dynamics in a shallow subtropical lake were significantly further explained by the functional groups scheme than by phylogenetic affinities. Both the phylogenetic and functional criteria may be complementary for understanding phytoplankton ecology in lakes, especially in relation to trophic gradients.
There is some evidence that phytoplankton diversity in shallow lakes decreases with increasing nutrient concentrations, especially phosphorus (Jeppesen et al., 2000) , but there are scarce empirical and experimental data (Padisák, 1993; Scheffer, 1998) . Cyanobacteria are frequently said to be related to hypertrophic conditions in both shallow and deep lakes (Scheffer et al., 1997; Watson et al., 1997; Dokulil and Teubner, 2000) , while other groups, such as cryptophytes and dinophytes generally predominate at lower nutrient status (Reynolds, 1984; Sommer, 1988) or re-establish in shallow lakes as a consequence of their oligotrophication ( Jeppesen et al., 2005) .
Earlier literature showed a trend toward the occurrence of smaller phytoplankton in oligotrophic waters, and progressively larger organisms with increasing nutrient loading (Willén, 1985; Watson et al., 1992) , especially under the dominance of macrozooplankton (Mazumder, 1994; Mazumder et al., 1988) . Large filamentous and colonial phytoplankton are less efficiently consumed by filter-feeding zooplankton, and their relative abundance may increase following enhancement of herbivorous zooplankton (Drenner and Hambright, 2002) . The reported effects of zooplankton on size structure of phytoplankton are, however, contradictory as shown by the different responses obtained (Larocque et al., 1996; Hansson et al., 1998; Wilk-Wozniak et al., 2001; Drenner and Hambright, 2002) . To understand interactions between phytoplankton and zooplankton, it seems relevant to take also into account size structure and species composition of zooplankton (Cyr and Curtis, 1999; Wilk-Wozniak et al., 2001) . The range in size of grazed algae normally increases with increasing mean zooplankton body size but differ with species feeding relationships (Cyr and Curtis, 1999) . Under certain circumstances, zooplankton may control phytoplankton biomass and induce changes in the phytoplankton composition (Mazumder and Lean, 1994; Cyr and Curtis, 1999) , although the cascading effect of predation on the food web structure may decrease, especially at the top levels, with increasing nutrient levels (McQueen et al., 1986; Moss et al., 2004) . Zooplankton grazing may also provoke morphological changes in the algal populations (Wilk-Wozniak et al., 2001) . In subtropical shallow Florida lakes, some studies suggested that the mean size of algae increased with total phytoplankton biomass (Crisman, 1990; Crisman et al., 1995) and with increasing trophic state where filamentous cyanobacteria dominated Duarte et al., 1990; Havens et al., 1996) , owing partly to the predominance of microzooplankton resulted from intensive fish predation (Crisman and Beaver, 1990; Bachmann et al., 1996) . Zooplankton predation also features in the phytoplankton functional model (Reynolds et al., 2002) , though it is not extensively treated.
Two mesocosm experiments were carried out to investigate the effects of nutrient loadings (nitrogen and phosphorus) and planktivorous fish densities on phytoplankton strategies and diversity. Both the phylogenetic and functional approaches were used to understand phytoplankton ecology in a shallow Mediterranean lake. The use of an experimental approach is new for the study and testing of phytoplankton functional groups. The selection and resistance to change of the algal assemblages is also examined. We test the hypotheses that an increase in nutrients and in planktivorous fish stocks will decrease phytoplankton diversity, with a trend to establishing functional groups mainly comprised by cyanobacteria in warm shallow lakes. The top-down effects of planktivorous fish and zooplankton on the structure of phytoplankton is further considered within the functional scheme, and how nutrient concentrations and planktivorous fish predation influence algal size.
M E T H O D S Study site
Experiments were carried out in a shallow, 0.5 ha lake, Lake Xeresa, located in the wetland of Xeresa, 65 km south of Valencia (Spain) on the east Mediterranean coast (39 06 0 N, 0 12 0 W). The lake is mainly fed by groundwater and rainfall. Minimum water levels occur during summer due to evaporation and water withdrawal for use in agriculture. Maximum depths are reached during autumn-winter as a result of short but intense rainfalls. During the experiments in summer, water depth gradually fell in the lake and mesocosms from 80 to 58 cm during 1998 and from 78 to 26 cm during 1999. The bed of the lake (including, initially, the site of the experimental mesocosms) was completely covered by submerged macrophytes, mainly Chara hispida, together with Chara vulgaris var. vulgaris and Chara aspera, and the shores were surrounded by a belt of Phragmites australis.
Experimental design and sampling
The 1998 experiment lasted 6 weeks (8 June-14 July) and that in 1999, 7 weeks (14 June-29 July). Thirty-six mesocosms were made from polyethylene film (125 mm wall thickness) supported at the top and bottom by circular plastic hoops, 1 m in diameter. The bottom hoops were buried in the sediment of the lake, giving polyethylene cylinders open to the atmosphere and to the lake bottom and its plant community. The top hoops of the mesocosms were supported by a frame of wood and plastic tubing.
In 1998, three fish-density (0, 4 and 20 g fresh mass m À2 ) and four nutrient-loading (N-P in mM: 0-0, 71-3.2, 357-16 and 714-32) treatments were applied. In the 1999 experiment, the fish-density treatments were the same as in 1998, and six nutrient treatments covering a narrower range were used (N-P in mM: 0-0, 21-1, 43-2, 64-3, 107-5, 214-10) . Nutrient loadings were designated N0 (control) to N3 in 1998 and N0 to N5 in 1999. Nutrient solutions were added as mixtures of sodium nitrate and potassium dihydrogen phosphate at weekly intervals. Nitrate and phosphorus concentrations in the water column increased in approximate proportion to the fertilization levels. Before fish and nutrient additions, pre-existing fish were removed by electrofishing. The fish species used in the experiments was the mosquitofish, Gambusia holbrooki, which is an ovoviviparous visual predator on zooplankton, widely distributed in the lake, as well as in other Spanish shallow lakes (Blanco et al., 2003) . In 1998, only male fish were stocked, while in 1999 males and females were used. During the experiments, the enclosures were visually checked twice a week and dead fish replaced, though this need for replacement was infrequent after the first week.
Samples from the mesocosms, with an additional sample from the open lake, were taken at weekly intervals. Sampling started a week before fish and nutrients were added to monitor initial conditions. Weekly samples were taken for the analysis of chemical determinants, phytoplankton and zooplankton. Planktonic samples were taken with a tube sampler integrating the whole water column. Further information on the water chemistry, zooplankton and food web interactions are reported in Romo et al. (Romo et al., 2004) . Phytoplankton samples were preserved in situ for later counting and biovolume calculated according to Rott (Rott, 1981) and Wetzel and Likens (Wetzel and Likens, 1991) . Dominant algal species were defined as those summed at least up to 80% of total biovolume and with a minimum individual contribution higher than 5% of total biovolume. They were sorted into their main taxonomic groups and into the functional groups proposed by Reynolds et al. (Reynolds et al., 2002;  Table I ). The functional scheme allows designating new species into described groups. This was the case of Geitlerinema sp. included into the group S 1 of oscillatoriales. Kruk et al. (Kruk et al., 2002) placed Coelosphaerium sp. into the group K, and similarly we assigned Coelosphaerium kuetzingianum (cell size 2-3 AE 0.6 mm and colonies 16.5-18.5 AE 4.9 mm) into this group. Accordingly with that suggested by Huszar et al. , Chroococcus spp. were included into the group X 1 of small chroococcal present in eutrophic shallow lakes. Two species of Chroococcus were identified but enumerated together, the major proportion corresponding to Ch. minutus (diameter 5-8 AE 2.5 mm and 98 mm 3 ), and in lesser amount Ch. dispersus (diameter 2-5 AE 0.4 mm and 18 mm 3 ) which represented less than 1% of the total phytoplankton biovolume. The species were also described by the main algal strategies, C-invasive, S-acquisitive and R-attuning, proposed by Reynolds (Reynolds, 1997) . C-species are primarily invasive strategists, S-species are acquisitive strategists and R-species are attuning or acclimating strategists.
The Greatest Axial or Linear Dimension, (GALD; Reynolds, 1984) , was measured for at least 25 individuals or colonies and algae sorted into GALD larger or smaller than 50 mm. Species richness was calculated as number of species per sample. The Shannon-Wiener diversity index and equitability based on the species abundance were calculated according to Shannon and Weaver (Shannon and Weaver, 1963) .
Statistical methods
Pre-treatment data sets were analysed by one-way analysis of variance (ANOVA), confirming that there were no significant differences (P < 0.05) in the mesocosms at the start of the experiments. The lake samples and control mesocosms were compared using a Wilcoxon test. Time-weighted averages were calculated from the time data series and tested by two-way ANOVA. Where significant differences were found, Tukey's test was used to illuminate specific differences between treatments. Weighted averaging gives greater emphasis to data points obtained with increasing time after the start of the treatments. Data were log transformed where necessary for statistical normality and otherwise analysed by a Kruskal-Wallis test. Spearman's correlation was used to determine the relationship between some pairs of variables.
R E S U L T S Phytoplankton biomass and GALD
In both experiments, fluctuations in phytoplankton biomass in the control mesocosms differed insignificantly from those observed in the lake (P < 0.05). Thus, the mesocosms appeared to generate environmental conditions that were not critical to distinguishing them from those of the natural lake. In both years, nutrient and chlorophyll a (Chl a) concentrations in the lake were low prior to the start of the experiments ( Table I ), except that ammonium concentrations were higher in 1998 than in 1999. The initial phytoplankton composition had a higher contribution of cyanobacteria biovolume in 1999 (Table I) .
The Chl a concentration and total algal biovolume were significantly related to increased nutrients levels in both years (Table II) . As expected, there was a positive correlation between phytoplanktonic Chl a, biomass and abundance during the experiments (P < 0.001). The highest algal biomass was reached in the N2 treatment Biovolume of dominant species (%)
Abundance of dominant species (%)
Rhodomonas minuta (X 2 ) 1 6 Scenedesmus ecornis (J) 13
Algal diversity (bits individuals À1 ) 3.5 3.9
Species richness (taxa per sample) 29 30
Dominant species are sorted into main taxonomic groups and in parentheses into the associations proposed by Reynolds et al. (Reynolds et al., 2002) . Biovolume (mm 3 L À1 ) and abundance (individuals mL À1 ) of the main algal groups and species are given as percentage with respect to the total phytoplankton biovolume and abundance.
in 1998 (Fig. 1) . In this year, the prolonged water turbidity after the first week of fertilization at the N2 and N3 mesocosms caused the disappearance of macrophytes by the penultimate week of the experiment. The biovolume of cyanobacteria, chlorophytes and cryptophytes (only in 1998) were related directly to nutrient additions, and in 1999, dinophytes (represented only by Peridinium umbonatum) showed an unimodal maximum at N3-N4 (3-5 mM P, 64-107 mM N; Table II ). Diatoms and euglenophytes were less abundant or rare and had not any significant effect with the study factors (Table II) . Almost all dominant species showed a positive response to nutrient additions, except Cylindrospermum cf. muscicola and Mougeotia sp. in 1998 (Table II) .
Densities of planktivorous fish scarcely affected total phytoplankton biomass, only Chl a levels decreased in the Values for phytoplankton groups and species are biovolume (mm 3 L À1 ). Arrows indicate a positive (") or negative (#) response to the treatments. NA, not applicable; NS, not significant. *P < 0.05. **P < 0.01. ***P < 0.001.
presence of higher fish densities in 1998 (Table II) . Also in 1998, the abundance of Scenedesmus dimorphus and Sc. quadricauda decreased with increasing planktivorous fish stocks (ANOVA, P < 0.05) but not their biovolumes (Table II) . In this year, there was a positive effect of fish on the biovolume of Cryptomonas erosa with higher values at F1 (Table II ). In 1999, fish density enhanced the biomass of P. umbonatum and C. kuetzingianum, while filamentous cyanobacteria (mainly Pseudanabaena galeata) were more abundant in the fishless mesocosms (Table II) .
In both experiments, smaller algae (GALD <50 mm) increased with nutrients (Table II) . Larger species (GALD >50 mm) increased significantly with increased nutrient availability in 1998 and with decreased fish densities in 1999 (Table II) . Filamentous cyanobacteria mostly amounted for GALD >50 mm. In 1998, small algae in the week prior to treatment represented 40% of total biovolume in the lake and 56-63% of total biovolume in the mesocosms (Table I) . During the 1998 experiment, the contribution of large algae remained high in the lake and control mesocosms (except in the last week) (Fig. 1) . In the N1 mesocosms, however, the contribution of smaller algae rose from pre-treatment percentages up to 96% of total biovolume at the end, whilst at the higher nutrient treatments biovolume of large algae attained 46-48% of total biovolume (Fig. 1) . At the beginning of the 1999 experiment, smaller algae represented 27-39% and ending up with 97% of total biovolume with increasing contribution at higher nutrient levels (Fig. 1) .
Phytoplankton assemblages and diversity
During the experiments nine functional groups were mainly represented and nineteen species registered as dominant from a total of 79 algae recorded. The associations that showed more relevance were within the cyanobacteria (groups S n , S 1 , X 1 , L 0 and K), chlorophytes (X 1 and J), dinophytes (L 0 ), cryptophytes (Y, X 2 ) and zygnemataceae (group T) (Table III) . Phytoplankton changes and diversity patterns were comparable in both experiments (Figs 1 and 2) . Species replacement and changes in diversity were more pronounced with increasing nutrient levels, while in the lake and control mesocosms a more stable pattern was observed during the study (Fig. 2) . Phytoplankton diversity and species richness tended to decrease with increasing nutrient concentrations (Fig. 2 , Table II) , and diversity showed a negative correlation in both years with phosphorus and nitrate [total phosphorus (TP), r = -0.451 and r = -0.605, NO 3 r = -0.316 and r = -0.256, P < 0.001, for 1998 and 1999, respectively]. In 1998, phytoplankton diversity and species richness also significantly decreased at the highest fish density (20 g fresh mass m À2 ) ( Table II) . The range of species richness was slightly lower in 1998 than in 1999 (33-6 and 39-14 species per sample, respectively).
Initial phytoplankton assemblages had similar diversity and species richness values in both experiments (Table I) . They mainly comprised a diverse pool of filamentous cyanobacteria and flagellate algae, with presence also of nitrogen-fixing cyanobacteria (Cylindrospermum cf. muscicola) ( Table I ). In 1998, Planktolyngbya limnetica (S 1 ) and Rhodomonas minuta (X 2 ) were abundant in numbers in the initial community (Table I) , and the former in the control mesocosms and in the lake during the first weeks. In the lake and control mesocosms, total algal biomass and composition were more or less maintained (Fig. 1) . Filamentous cyanobacteria predominated in biovolume (23-63% of total biovolume, mostly Cy. cf. muscicola S n and P. galeata S 1 ) together with algae from groups Y (C. erosa) and Lo (P. umbonatum), except in the last weeks of the experiments (Fig. 1) . In 1998, small chlorophytes from X 1 (Monoraphidium contortum and Keriochlamys styriaca) and in 1999 chroococcal cyanobacteria (Chroococcus spp. X 1 and C. kuetzingianum K) co-dominated or replaced to the previous assemblage (Fig. 1) . In 1999, the dominance of chroococcal cyanobacteria increased gradually at higher nutrient levels (Fig. 1) .
By the second week of fertilization in both years, small, rapid-growing species belonging to the functional groups X 1 (Chlorella sp., M. contortum, M. minutum, K. styriaca), Y (C. erosa), J (Scenedesmus ecornis) and Lo (mostly represented in 1999 by P. umbonatum) showed diverse increments with higher biomasses related to higher nutrient levels (Fig. 1) . The group-J slightly delayed their maxima after the X 1 group. Accordingly, algal diversity decreased with species increments (Fig. 2) . After the third week of fertilization fewer species started to establish, with faster species replacement and diversity fluctuations at increasing nutrient additions, especially above 1 mM P and 21 mM N (Figs 1 and 2 ). In 1998, the selected species in the N1 treatment were J (Sc. ecornis) and Lo (Merismopedia tenuissima), whereas in the N2 and N3 treatments were oscillatoriales from S 1 (Geitlerinema sp. with 26-35% and Ps. galeata 11-3% of total biovolume, respectively) and green-algae from J (Sc. dimorphus with 12-17%, Sc. obliquus 12-14% and Sc. quadricauda 4% of total biovolume, respectively). In 1999, the small chroococcal cyanobacteria, Chroococcus spp. (X 1 ) ended up with 61% of total biovolume for nutrient loadings between N1-N3 (1-3 mM P and 21-64 mM N) and codominated with C. kuetzingianum (K) at higher nutrient levels (Fig. 1) . In these later phases, diversity was maintained in 1998 but it decreased in 1999 (Fig. 2) .
The functional groups showed similar patterns in response to nutrients to those observed for the phylogenetic groups, but there were some distinguished differences in response to fish (Tables II and IV) . On the one hand, Scenedesmus species from the J group were significantly more abundant in the fishless mesocosms (Table IV) with presence of larger zooplankton, although the small 
Arrows indicate a positive (") or negative (#) response to the treatments. NA, not applicable; NS, not significant. *P < 0.05. **P < 0.01. ***P < 0.001.
Sc. ecornis better developed with microzooplankton (Table III) . Biovolume of groups X 1 and K increased with planktivorous fish and microzooplankton (Tables  III and IV) . The Lo group showed a diverse pattern depending on the species. In 1999, when Lo almost wholly comprised P. umbonatum, there was a positive relationship with fish biomass, whereas in 1998 the occurrence of M. tenuissima, from the same functional group, coincided with the presence of macrozooplankton (Table III) and counteracted any significant effect on the group (Table IV) . The S 1 group had maximum populations under a wide range of zooplankton groups (Table III) and in the fishless mesocosms in 1999 (Table IV) .
D I S C U S S I O N Phytoplankton biomass and GALD
There were significant and direct effects of nutrient additions during the two experiments on phytoplankton biomass, while zooplankton, regulated by planktivorous fish, influenced more algal size structure and composition. Both nutrients and predation structured phytoplankton. During our experiments, zooplankton communities were dominated by copepods and rotifers, and the contribution of cladocerans (mostly Ceriodaphnia) was low and almost restricted to the fishless mesocosms , owing to the intensive predation of mosquitofish on larger zooplankton (Blanco et al., 2004) . Cyr and Curtis (Cyr and Curtis, 1999) pointed out that copepod-dominated communities grazed small algae up to 45 mm, while the community dominated by Ceriodaphnia grazed a narrower range of algae (GALD 16 mm); and when rotifers predominated in the presence of fish, they fed on smaller particles. This agrees with our results where nutrients enhanced both small and large algae, but the presence of macrozooplankton in the absence of planktivorous fish selected larger algae, mainly filamentous cyanobacteria. In the literature, cyanobacteria are frequently associated with eutrophic conditions, and their success over other phytoplankton groups is explained in some cases by temperature dependence, oligophotic adaptation, low CO 2 /high pH, low TN : TP ratios, inorganic nitrogen, recruitment from the sediment or production of toxins (Reynolds, 1984; Shapiro, 1990; Scheffer et al., 1997; Havens et al., 1998; Dokulil and Teubner, 2000; Huszar et al., 2000; Mischke and Nixdorf, 2003; Van de Bund et al., 2004) . In our experiments, however, cyanobacteria dominated at a wide range of nutrient levels. Temperature may modulate their success in tropical and subtropical lakes (Komárek, 1985; Pollingher and Berman, 1991; Huszar et al., 2000; Komárková and Tavera, 2003) and in the Mediterranean zone (López-Archilla et al., 2004; Romo et al., 2005) .
Phytoplankton assemblages and diversity
Prior to starting the mesocosm experiments, the lake was in a mesotrophic state with an important presence of potentially nitrogen-fixing cyanobacteria, as well as, non-heterocystous cyanobacteria. This composition and the low nitrogen concentrations observed at initial conditions may indicate a possible nitrogen limitation for the phytoplankton in the lake (Reynolds, 1997) . Inorganic nitrogen shortage may have also enhanced the biomass and permanence of Cylindrospermum cf. muscicola in the lake and control mesocosms during the experiments. Most of the dominant species at the end of the experiments were represented in the initial assemblage (Table I) , which confirm the importance of the initial flora as inoculum to later populations and their selection by driving factors (Reynolds et al., 2000) .
The initial addition of nutrients shifted the composition toward rapid-growing algae from functional groups X 1 , J (Scenedesmus ecornis) and Y, all characteristic of shallow-enriched freshwaters, and Lo described for stratified waters (Reynolds et al., 2002) . Water quiescence with plants could explain the presence of Lo in this shallow lake. These groups, in fact, remained longer dominant at the lower nutrient loadings (<2 mM P and 43 mM N; Fig. 1 ). According to Reynolds et al. (Reynolds et al., 2002) , X 1 , J and Y are potentially higher grazed by zooplankton, but not all the species showed the same response. Among group-J, there was a diverse pattern distinguishing the small Sc. ecornis from the larger Scenedesmus species (Tables III and IV) . In agreement with our results, Kruk et al. (Kruk et al., 2002) found a direct relationship of only some species from J with cladocerans; while X 1 algae were related to rotifers in both studies. The L group is under review: Lo group refers originally to the Peridinium-Woronichinia functional group of stratified mesotrophic lakes (Reynolds et al., 2002) . Other more eutrophic species, such as Merismopedia, and some dinophytes may need to be recasted into a new L-subgroup. For instance, the group Lo in the study was related in both years to intermediate nutrients (Table IV) , M. tenuissima and P. umbonatum developing maximum populations at nutrient levels of 6-3 mM P and 19-27 mM N, respectively (Table III) . In accordance, M. tenuissima has been described as a subdominant species in a shallow hypertrophic Mediterranean lake (Villena and Romo, 2003a) . Kruk et al. (Kruk et al., 2002) also associated Lo to more enriched conditions than those to which they were assigned in the functional scheme. Additionally, some algae of this group (P. umbonatum) were favoured by the presence of planktivorous fish and microzooplankton, in contrast to the zooplankton grazing tolerance assigned to Lo (Reynolds et al., 2002) .
At intermediate nutrient levels (2-10 mM P and 43-214 mM N), the phytoplankton succession ended with dominance of small unicellular (Chroococcus spp., X 1 ) and colonial (C. kuetzingianum, K) chroococcal cyanobacteria, with some control of their buoyancy in the water column (Reynolds, 1997) . During the experiments, Ch. minutus had absence or presence of mucilaginous envelopes. They possibly acted positively on its buoyancy in the standing water with plants and protecting the individuals against predation, while their absence predominated during rapid cell divisions at maximum populations. Control of buoyancy may have selected this cyanobacterium against the pool of small non-motile X 1 chlorophytes, which are more likely to sink (Reynolds, 1997) . We support the argument of Huszar et al. for segregating the group-Z of picoplanktonic species from that of more eutrophic small species belonging to X 1 . This could be the case of Ch. minutus and Ch. dispersus, but they showed a CS (invasive-acquisitive) strategy (Reynolds, 1997) in conditions of accessibility of nutrients and light, stagnant water and presence of planktivorous fish and microzooplankton. Co-occurrence of the group-K with some motile algae of type Y (C. erosa; Fig. 1 ) has been also observed in some subtropical wetlands (O'Farrell et al., 2003) and in moderate or eutrophic shallow lakes Padisák et al., 2003) .
At high nutrient levels (above 16 mM P and 357 mM N), turbidity and in the presence of macrozooplankton, both non-heterocystous cyanobacteria (group S 1 ) and some chlorophytes (Scenedemus, group J) predominated. Most oscillatoriales are R-attuning species (Reynolds, 1997) , which are well adapted to light-deficient conditions and are common in shallow turbid lakes (Scheffer et al., 1997) . In the experiments, they were associated with the fishless mesocosms, which agrees with their lower sensitivity to zooplankton predation (Reynolds et al., 2002) . These highly enriched mesocosms became rapidly turbid after the first week of fertilization, and light was screened from other algae and benthic producers that were excluded. In shallow Danish lakes, heterocytic cyanobacteria (mainly Anabaena and Aphanizomenon) predominated in the lower phosphorus range (TP <8mM), non-heterocytic cyanobacteria (Microcystis) between 8 and 26 mM P and small chlorophytes dominated with TP >32 mM P (Scenedesmus and Pediastrum) (Jensen et al., 1994) . The unique nostocalean species during the study (Cylindrospermum cf. muscicola) occurred preferentially under TP <5 mM, which is in agreement with the results of Jensen et al. (Jensen et al., 1994) , and under low inorganic nitrogen (ammonium <11 mM and nitrate <2 mM), that favour to N 2 -fixing algae (Reynolds, 1997) . Jensen et al. (Jensen et al., 1994) explained the selection of chlorophytes at the highest P concentration by the continuous input of nutrients and carbon from the external loading and the sediment in shallow lakes that favoured the fast-growing species. The presence of Scenedemus in hypertrophic shallow ponds is also related to their facultative use of organic compounds, especially under limited light (Soeder and Hegewald, 1988) . This agrees with their development in the most eutrophic and light-limited mesocosms after submerged macrophytes have declined and decomposed. The nutrient range for non-heterocytic cyanobacteria, however, was wider in our experiments than that described for Danish shallow lakes, and they were established at both low and high nutrient levels. A similar sequence of phytoplankton change, from C-strategist species, appearing during colonization phases (e.g. Chlorella, Monoraphidium), to Rstrategist algae (e.g. Limnothrix, Pseudanabaena) in later successional stages was observed in a subtropical shallow lake (Scasso et al., 2001) .
It is remarkable that the species composition found during the experiments resembles those of some shallow tropical and subtropical enriched lakes, where there is often a co-existence or alternation between chroococcal and filamentous cyanobacteria Melo and Huszar, 2000; Scasso et al., 2001) . The replacement of filamentous cyanobacteria by small chroococcal species was observed to occur with TP 10 mM in a nutrient-restored Mediterranean shallow lake (Villena and Romo, 2003b) . This P threshold is in agreement with the results of this mesocosms study and higher nutrient additions led rapidly to turbid states that favoured R-oscillatoriales. The different ability of these cyanobacteria subgroups to exploit various nitrogen resources could be other selective factor to be considered, apart from light and phosphorus. Blomqvist et al. (Blomqvist et al., 1994 ) determined a high competitiveness of some chroococcal cyanobacteria (M. tenuissima, Microcystis spp. and Synechococcus sp.) for ammonium and not for nitrate. Although in our experiments, the presence of chroococcal cyanobacteria corresponded well with nitrate : ammonium ratios 1 and that of oscillatoriales with a nitrate : ammonium ratio 83, there was only found a significant correlation between ammonium and M. tenuissima (P < 0.01, r = 0.21). Further studies will be necessary to elucidate possible selectivity of these cyanobacteria subgroups for nitrogen and phosphorus in shallow lakes.
The phytoplankton composition and diversity were less resistant to change along the trophic gradient, with remarkable faster species replacements at increasing nutrient levels. This may indicate phytoplankton stress tolerance to new conditions. As more exacting levels of selective pressures were imposed on the species (e.g. light), the phytoplankton assemblage became less diverse and more predictable in the functional groups represented. In accordance to the resource-competitive theory (Tilman, 1982) , higher diversity would be when many resources were limiting, but it seems more that algal coexistence was facilitated at low rather than at limiting resources levels (Reynolds, 1997) . This seemed to occur in the lake, with low nutrient levels, and at the control and lower fertilized mesocosms (1 mM P and 21 mM N) during this study (Fig. 1) . It is probably that the rich pool of species could be also maintained by entries from epiphytic algae (Romo and Villena, unpublished data) . Contrary to Jeppesen et al. (Jeppesen et al., 2000) who observed in Danish shallow lakes a unimodal response of phytoplankton species richness and diversity with respect to a nutrient gradient, with maximum values at 3-13 mM P, algal diversity decreased with nutrients in the study, with higher diversities (>2.5 bits individuals À1 ) at nutrient loadings lower than 3 mM P and 71 mM N. Low-diversity environments normally correspond with Shannon-Wiener indices lower than 2.5 bits individuals À1 (Margalef, 1972; May, 1975) . The mean values of phytoplankton diversity observed in the lake and mesocosms during the experiments were always higher than in Danish shallow lakes during summer (mean values 1.5-2 bits individuals À1 ; Jeppesen et al., 2000) . Our results agree with those of Huszar et al. that reported a decline of phytoplankton diversity and species richness along a trophic gradient in some Brazilian shallow lakes. Leibold (Leibold, 1999) argued that predation can cause a unimodal pattern of phytoplankton diversity, while other authors observed that herbivory may enhance phytoplankton diversity . The significant decrease in algal diversity and species richness with high densities of planktivorous fish in 1998 suggest that diversified zooplankton communities led, in fact, to a more diversified phytoplankton composition.
In conclusion, the functional scheme for phytoplankton (Reynolds et al., 2002) gave valuable and complementary information on algal strategies and adaptations to characterize and understand phytoplankton ecology in a shallow Mediterranean lake, along a trophic gradient and different planktivorous fish densities. The functional groups revealed especially the effects on the phytoplankton of planktivorous fish and zooplankton predation. Some differences in species response were observed within the same functional group, and a revision respect to nutrient and predation tolerance is suggested for some of the groups, such as Lo, K, X 1 and J. Nutrients enhanced both small and large algae, but the presence of macrozooplankton in the absence of planktivorous fish selected larger algae, mainly filamentous cyanobacteria. High nutrient levels and fish stocks decreased phytoplankton diversity and species richness, with a trend towards the establishment of an assemblage dominated mainly by cyanobacteria in this warm shallow lake. Phytoplankton composition and diversity were less resistant to change along the trophic gradient, with faster species replacements at increasing nutrient levels. Phytoplankton composition, functional groups and diversity patterns resembled those described for some subtropical and tropical shallow lakes. The information obtained agrees with the statement that the outcome of phytoplankton composition and diversity is subject to food web interactions (Reynolds et al., 2000) . Studies on entries from benthic algae will help to generalize the scheme of phytoplankton functional groups in shallow lakes.
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